Our extended group in Dhaka University has shown that frequency Distribution of F-Latency (DFL) of peripheral nerve trunks may be used for the detection of Cervical Spondylotic Neuropathy (CSN). A double blind study was performed recently to ascertain the efficacy of DFL in the detection of CSN using MRI findings as the benchmark, which was performed on 62 median nerves of 31 volunteers within an age range of 20 and 80 years. In our laboratory DFL is obtained by grouping F-latency data into 2ms bins and then plotting a frequency polygon. The shapes of the resulting polygons are sorted into two categories: i) single peak and ii) broad peak or multiple peaks. The first category was taken to represent normalcy while the second category was taken to represent CSN. The present work was taken up to study the effect on the polygon patterns due to shifting of the starting point of each bin by 1ms. Two decisions were made for each nerve regarding normalcy or CSN based on both the individual polygon patterns. Two more decisions were made based on the logic AND and logic OR operations of the above two decisions. These four individual decisions from all the nerves were then compared with MRI findings. This shows that such bin shifting and a decision based on OR logic on the two DFLs thus obtained gives the best overall efficacy compared to all the other procedures.
INTRODUCTION
A peripheral nerve trunk consists of thousands of nerve fibres with varying conduction velocities, which can be well described by distribution of conduction velocity (DCV). If a motor nerve is electrically stimulated, action potentials are generated within the individual nerve fibres, which travelling to the connected muscle (called orthodromic conduction) elicit a compound muscle action potential, or an Mresponse, that can be recorded using surface electrodes. From the stimulation site the action potentials also travel in the opposite direction (called antidromic conduction) to their respective cell bodies located in the spinal cord. In most of the motor nerve cells these antidromic potentials simply die down. However, a few percent of the cell bodies backfire after a short delay and send fresh action potentials down the nerve fibres to the muscle. These in effect produces a delayed compound muscle action potential called the F-response (Fox and Hitchcock 1987 , Magladery and Jr 1950 , Mayer and Feldman 1967 , Mcleod and Wray 1966 , which is very much reduced in amplitude with respect to the M-response because of the small number of fibres involved. F-latencies obtained from multiple stimulations vary in latency, size and shape because of random backfiring of the cell bodies. Recruitment of fibres for Fresponse would depend on DCV for motor fibres directly (Rabbani et al 2007) . Being a random process, they hypothesised that a frequency distribution of F-latencies (DFL) from such multiple F-Latencies would be an approximate mirror image of DCV. This new neurophysiological parameter DFL obtained from evoked EMG responses have previously been reported to be useful in the detection of Cervical Spondylotic Neuropathy (CSN) (Alam and Rabbani 2010 , Hossain et al 2011 .
There are usually two major causes for CSN. One is called Radiculopathy (CSN-R) in which nerve branches coming out of the spinal cord may be compressed in the narrow channels or gaps created by the vertebral bones. This compression may be caused by bony growth in the vertebra (osteophyte), or herniation of inter-vertebral disc. Either of these compressions leads to CSN, and this condition is known as radiculopathy. The other cause of CSN is Myelopathy (CSN-M) in which one side of the spinal cord is directly pressed onto, mostly by a bulging intervertebral disc. This affects nerve fibres located in the pressed region of the spinal cord.
Recently a double blind study was performed to ascertain the efficacy of DFL in the detection of CSN using MRI findings as the benchmark (Chowdhury 2013) which showed that DFL can predict CSN to a high degree of reliability.
In our laboratory DFL is obtained by grouping F-latency data into 2ms bins and then plotting a frequency polygon. The resulting polygon shapes are sorted into two categories: i) single peak and ii) broad peak or multiple peaks. The first category was taken to represent normalcy while the second category was taken to represent CSN. Different types of DFL typically obtained are shown in Figure 1 A single peak was defined as the polygon which has a single high value (peak) while the adjacent values (at intervals of 2ms) are very small as shown in Fig.1 . Double or triple peaks were also visualy determined simply, as shown in Figs, 3 and 4. The polygon shape was considered as a broad peak where non-zero and significant frequency exists at at least 4 ms difference (two bin separation) from the position of the peak, with intermediate bins having significant frequency values as well as shown in Fig.2 . A recent work carried out in Singapore has helped improve the definition of a broad peak with relation to the occurrence of CSN. According to this definition, if the adjacent frequency values were greater than one third of the peak frequency (as in Fig. 3 ) then it would be considered a broad peak as well. Comparing figures 1, 2 and 3, it is obvious that there is a very small difference in between these shapes while it is very critical to distinguish a single peak from a broad peak for the diagnosis of CSN.
During the present work it was observed that while making the frequency polygons of DFL, if the starting point for the grouping into the 2ms bins is changes by 1 ms, then the pattern sometimes changes from a single peak to a broad peak, or from a broad peak to double peak, or vice versa. This poses a difficulty regarding the decision on the diagnosis of CSN which relies on these shapes of the DFL polygon. For this reason the present work was taken up to systematically study the effect of this shift in the starting value of the bins of earlier data and how the inferences from the slightly different patterns may be combined to get a better decision on the pattern for the diagnosis of CSN.
METHODS
The study was performed on the data obtained in an earlier study (Chowdhury 2013 ) which was carried out on 62 median nerves of 31 subjects with age ranging from 20yrs to 70 yrs. MRI reports indicating CSN were also available for most of the subjects. However, two nerves of two individual subjects had insufficient MRI information and these were excluded from the present study. So this study essentially included data from 56 median nerves of 29 subjects. Frequency distribution for a continuous variable is usually performed choosing appropriate bins or groups. All the previous work in our laboratory used a bin size of 2ms to obtain a DFL polygon. Figure 5 shows the polygon shapes for two subjects for both DFL even and DFL odd where the shapes change between the classifications considered for diagnosis in the present work as mentioned before.
Since the patterns change through this process of bin shifting, we were interested to see if any combination of the decisions based on these changed patterns can improve the diagnostic ability of DFL.
We considered two approaches, one using logical OR operation and the other using logical AND operation on the decisions given by the two patterns as a result of bin shifting. These were to be compared with the decisions given by the MRI findings which have been considered as the gold standard in the previous study (Chowdhury et al 2014) .
For these logical operations the diagnosis based on DFL and MRI were assigned the letters 'Y' and 'N' to represent the presence of CSN (yes) and absence of CSN (no) respectively. As already mentioned, if the DFL shows a single peak, we interpret this as normal, i.e. the diagnosis is a 'no' indicated by 'N'. If a DFL gave broad, double or triple peak, the diagnosis is a 'yes' indicated by 'Y'. For each nerve of a subject, these diagnoses were made with both DFL even and DFL odd . The MRI findings were similarly assigned 'Y' or 'N' values based on the findings of the radiologist which were taken from the earlier work (Chowdhury et al 2014) . It needs to be mentioned that in this earlier work DFL gave a better efficacy if even mild findings of MRI were taken to represent CSN, which was also chosen for this work.
The diagnosis based on individual shapes of DFL even and DFL odd and the two mentioned combinations (OR and AND) were performed. These four sets of diagnosis were then compared with the MRI findings. This gave us a way to identify which of the diagnoses gave the best performance for DFL.
To determine the predictive capabilities of these four sets of diagnoses based on DFL we determined the following parameters from the relevant tables: true positives ( The higher the value for each, the better is the performance of the new test regime, here of DFL.
RESULTS AND OBSERVATIONS
The diagnosis of CSN based on MRI findings and the bin-shifted DFLs, DFL even and DFL odd , are presented in Table 1 . The predictive capabilities for the four types of DFL for the detection of CSN is presented in table 2.
A quick observation reveals that the OR combination of DFL even and DFL odd gives the best overall performance. 
